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UNITS OF MiaSUREMENT in INDUSTRY 
SHTRODUCT LON 


Industry is “Labor habitually or systematically employed 
in beneficial work, especially in manufacture and arts.” In 
other words, modern industry is the produc.ion ana distribution 
of goods which are created by human labor, ussisted by power and 
‘machinery. 

The word manufucturing is derived from the Latin and means 
"made by hand." In modern usage, however, the term usually 
refers, not to this intrinsie meaning, but to the making of 
articles by power driven machinery ratner than ty hand operated 
tools. | 

fTo-dey, tue standardization of processes and of products 
has made possible the production of articles in large numbers. 
In assemb? ing, specialization is carried to the extreme; for 
example, a worker may be engaged in placin: a single siece in a 
press or in merely watching a machine. 

New England industries provide great consuming markets for 
raw iaterial ana industriel equipment. It is distinguished es 
a region of fine manufactures and its products are turned out 
in finished form ready for the ultimate consumer, The articles 
in which New Mmgland contributed more tnan heif the United 
States" total in 1929 include woolen and worstec goods, textile 
- machinery, ruvoer boots and shoes. In cutlery, edged tcols, 


and plated ware, it contributed about half. Many otners were 
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near the top of the list, averaging from 25% to 50%, such 
ax cotton goods, jewelery, brass and bronze products, tools 
and several other ptekunts, 

In this study, the writer nas endeavored to select a few 
ot the typical industries in order to determine the actual 
uses mace of tue tunoles of measurement dy the persons employed 
in tnese industries, The method used is that of observation, 


report of employer and employee. 
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DEFINITIONS 


FUNDAMENTAL UNITS 
1. LENGTH 

Inch. An ineh is s measure of length equal to 1/12th 
of a foot or 1/36th of a yard. It is commonly divided inio 
1/2,1/74,1/8,1/16, ete., or often into 10,190,etc. 

Foot. A foot is a measure of lengta equal to 12 
inches. 

Yard. A yard is a measure of lengtn equal to 3 feet 
or 36 inehes. It is the standard of Imglish and American 
lineal measure. 

2. AREA 

Square Yard. A square yard is a unit of area equiva- 
lent to the area of a square the sides of which are 1 yard. 
3. VOLUME 

bi ard. <A cubic yard is a unit of volume equiva- 
lent to a eube the edges of which are 1 yard. 
4, CAPACITY 

Galion. A gellon is a unit of cavacity eyuivalent to 
the volume of 231 cubic inches. It is used for the meesure- 
ment of liquid commodities only. 

5. WeIGH? 

Pound. A pound is u unit of weight, the avoirdupois 
pound containing 7,000 grains and divided into 16 ounces, or 
the troy pound containing 5,760 grains and divided into 12 
ounces. 

All other units of measure are multiples and submultiples 


of these fundamental units. 
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TABLES OF MEASUREMENT 


I, LINEAR MEASURE -- 5 Units 
fable 
12 inches equal 1 foot 


3 feet ° 1 yard 
54 yards " 1 rod 
320 rods ” 1 mile 


II. SQUAKE MEASURE -- 7 Units 
Square measure is used to meusure the 


arees of surfaces. 


Table 


144 square inenes equal 1 squere foot 
9 square feet sd 1 square yard 

304 square yards " 1 square rod 

160 square rods " 1 sere 

640 acres a 1 sguare mile 


A square is 100 square feet. The aere is the 

unit in meusuring land. 

-- 6 Units 

Cubie measure is used to measure the volume of 

solids und the contents or capacity of holiow bodies, 


1728 ecuvie inches equal 1 ecubie foot 


27 ecubie feet : 1 eubic yard 
242 cubic fest #4 1 pereh of stone 
128 cubie feet . 1 cord 

40 cubic feet " 1 ton (shpe. ) 


A pereh of stone is 164 ft.long,1}4 ft.wide &1 ft. high. 
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A cord of wood is 8' lonz,4' wide, and 4' high. 

A cubie foot of water contains about 7+ gallons (U.S. 
Standard), and weighs 623 pounds. (Avoir.) 


LIQUID MEASURHZ -- 6 Units 


Liquid measure is used for measuring liguids and in 


estimating the capacity of cisterns, tanks, reservoirs, ete. 


fable 
4 gills equal 1 pint 
2 pints 1 guart 
4 quarts ba 1 gellon 
313 gallons " 1 barrel 
2 barrels si 1 hogshead 


1 galion of water (U.S.Standard) weighs sbout 8-1/3 pounds 
and contains 231 cubie inches. 

Ordinarily, the barrel contains 314 gal. In practice, bar- 
rels are of various sizes, as are also hogsheads, pipes, 
butts, ete. The capacity of each is marked upon it. A 
burrel for oil or other liquid contains about 50 gallons. 
APOTHECARIES' FLUID MEASURE -- 5 Units 

Apothecaries' fluid measure is used by drugsists in pre- 


seribing and compounding liquid medicines. 


Table 
60 minins equal 1 fluid drachm 
8 fluid drachms " 1 fluid ounce 
16 fluid ounees " 1 pint 
8 vints " 1 gallon 


The standard unit of measurement is the wind gallon 


eontaining 231 cubie inches, 
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VI. APOTHECARIE 


-- 5 Units 
Apothecaries' weight is used by druggists and 


physicians in compounding and prescribing medicines, 


TABLE 
20 grains equal 1 seruple 
3 seruples " 1 dram 
8 drams ” 1 ounce 
12 ounces . 1 pound 


Drugs and chemicals when used in compounding medi- 
eines are weighec by arothecaries' wei-ht. When they are 


sold at wholesale, avoirdupois weisht is used. 


Viz, -- 4 Units 
2 pints equal 1 quart 
8 quarts e 1 peck 
4 pecks . 1 bushel 


The Winchester bushel which contains 2150.42 ecubie 
inches is the standard unit of dry measure. It is a hollow 
cylinder 1824" in diemetecr and 8" deep. 

VIII. 2HOY WIGHT -- 5 Units 
Proy weicht is used in weighing gold, silver, 
diamonds, anc other precious minerals. 


3.168 grains equil 1 karat 


24 grains . 1 pennyweiht 
20 pennywts. - 1 ounce 
12 ounces s 1 pound 


Tne term karat, in weighing diamonds is a denemi- 


nution of weicht end is equal to 3.168 gersins. It is 
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also used to denote the fineness of gold and means 
1/24 part. Gold marked 10k (10 karats) is 10/24 
by weight pure gold and 14/24 alloy. 

IX. AVOITROUPOIS MEASURE -- 5 Units 


This is the weight in common use in sll ordinary trade 


dealings. 
Zable 
16 ounces equal 1 pound 
106 pounds uid 1 hundredweisht 
20 hundredwt. i 1 ton 
2,240 pounds " 1 long ton (or gross ton) 


The long ton is used in the U.S. Custom House in deter- 
mining the duty on merchandise taxed by the ton. Coal and 
iroz are sold wholesule at the mines ty the long ton. 

X. GLRCULAR O8 ANGULAR MeuASUE -- 4 Units 
Cireulir or angular measure is used in measuring sngles 


or ares of circles. 


Table 
60 seconds equal 1 minute 
60 minutes * 1 degree 
360 degrees i" 1 cirele 
-- 6 Units 
Table 
12 unite equal 1 dozen 
12 dozen . 1 gross 
12 gross - 1 great sross 
20 units es 1 score 
5 score 7 1 hundred 


Se: 


ws 


'oOnme- e 


> ie a 
- 
‘ 4 eo 
1 
ge 2 
su bs 
P 
. 
f rc 
; "4 
2 ° 
~ 
~ . - “i : 5 ; 2 
f ry if = 
a E a s iz) > a? = re 


~ ee 
XII. TINE MEASURE -. 8 Dnits 


Time is the measure of duration, 


Table 

60 seconds equal 1 minute 
60 minutes : 1 hour 

24 nours m 1 day 

7] duys . 1 week 

30 days bi 1 month 
52 weeks = 1 year 

12 months 1 year 
100 years og 1 century 


365 days # common yeur - 366 duys = leap yeur 


XIII, PAPIR MEASURE -- 5 Units 


Zable 
24 sheets equal 1 quire 
20 quires " 1 reum 
2 reams “s 1 bundle 
5 bundles be 1 bale 


Paver is sold in large quantities by weight; in small 
quantities, by the quire or ream. In some cases & ream con- 
sists of 500 sheets instead of 430, In ordering, it is nec- 
essary to give the size of the sheet and weight ver rexsm, 
as well as whe quality. 

XIV. LUMBER MEASURE -- 1 Unit 

The unit of iumber meusure is the board foot. A board 
foot is a square foot of board i"(or less) thick. The vol- 
ume of a board foot of lumber is thus geen to be 144 cubie 
inches, except when the lumber is less than 1" thick, in 


which case a board foot is equal to a square foot of sur- 
face of the board. 
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XV. HONEY MEASUKE --~ 6 Units 
Table of United § 
5 pennies equal 1 
10 pennies " 1 
5 niekels zt 
19 nickels " 1 
100 pennies 7 a 
20 nickels 1 
10 dimes id 1 
4 quarters = 2 
2 half-dollars * 1 
XVI. HENeLISH MONEY -- 4 Units 
English money is the legal 
4 farthings equal i 
12 pence . af 
20 shillings # 1 
XVII. BENCH MONEY -- 4 Units 
French money is the legal 
Table 
10 millimes equal 
10 eentimes = 
10 decimes id 


tes Mor 


mickel, or five-cent piece 
dime, or ten-cent piece 

quarter, or twenty-five cent piece 
half dollar,or fifty-cent piece 
dollar 

dollar 

dollar 

dollar 


dollar 


eurrency of Great Britain. 
penny 
shilling 
pound 
currancy oi France. 
1 ecentime 


1 aecime 


1 frane 
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XVIII. ELECTRIC MEASURE -- J Units 

The chief units as generally nececepted by electricians 
are as follows: 

Yoit The unit of electromotive force. It has been 
defined by the International Electrical Consress in 1893 ana 
by the United States statute as: that electromotive force 
which steadily applied to a conductor whose resistance is one 
ohm will produce a current of one ampere. It is practically 
equivalent to 10 C.G.S. (Centimeter Gram Second) electro 
magnetic units, 

Ohm fhe practical unit of electrical resistance. The 
resistance of a circuit in whieh a potential difference of one 
volt produces a current of one ampere. 

Ampere The practical unit of electrical current. The 
current produced by one volt acting through a resistance of 
one ohn. | 

Watt The unit of electrical energy. The product of 
ampere and yolt, that is, one ampere of current flowing under 
a pressure of one volt gives one watt of energy. 

Coulomb Unit of quantity. Quantity of current which, 
impelled by one volt, would pass through one ohm in one second. 

Farad Unit of capacity. <A conductor or condenser which 
will hold one coulomb under the pressure or one volt. 

Joule Unit of work. The work done by one watt in one 


second. 
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XVI. 
XVII. 
XVIIi. 
ZOTAL 


Linear Measure 

Square Measure 

Cubic Measure 

Liquid Measure 
Apothecaries' Fluid Measure 
Apothecaries' Weignt 

Dry Measure 

Troy Weight 

Avoirdupois Measure 
Circular or Angular Measure 
Unit Measure 

Time Measure 

Paver Measure 

Lumber Measure 

Money Measure 

English Money 

French Money 


Eleetriec Measure 
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GORHAM MANUFACTUcING CO. 
PROVIDENUE, RFI. 


The Gorham Manufacturing Compeny had its beginnings in 
a little shop on Steeple Street, Providence, in 1831 and re- 
mained there until, in 1889, it became necessary to secure a 
new location for the purpose of obtaining more space. 

A plot covering several acres and situated on the out- 
skirts of the eity was selected. Several large buildings, 
with plenty of room for expunsion, were erected. The growth 
of the business was largely due to the personal efforts of 
Mr. Edward Holbrook who advanced through all the branches of 
tne industry from a very minor cosition to President of the 
company. 

Thirteen acres of land (544,212 square feet) represent the 
site of the Gorham Company at Elmwood on which tne factory is 
built. The following dimensions will convey an idea of the 


‘extent of the works. 


Office Building 200' x 60° 
Chief Manufacturing Building 303°" X 44% 
Preparatory Room 205' x 80" 
North Wing 224! X 44° 
South Wing 256 X 44! 
Mechanics’ Shop 1033" x 483! 
Silver Foundry 116" X 43! | 
Bronze Art Foundry 100" X 44' 


The total floor space is 241,731 square feet, equiva- 


lent to about five and a half aeres. 
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The Preparatory Room is a one story structure of unusual 
strength. The floor has a foundation of conerete, and the roof 
ana walls are designed to resist grest strains owing to the great 
weight of the heavy machinery. There are twenty four drop stamps 
mounted on a solid granite foundation seven feet thick. Near them 
are the cutting, grinding, drawing and embossing presses, most of 
whieh were built from designs furnished by the company. 

A brick building, one story high, is used as a Bronze Statuary 
and Brass Foundry for the casting or monumental or otner work, of 
any und all kinds, even to the largest size. 

"Gorham silver" is a standard throughout the United States and 
is sold by nearly all of the principal jewelers. The Gorham mark 
is well known and consists of three small shields in suecession, 
the first shield portraying a lion to signify "sterling", the see- 
ond containing an anchor, the emblem of the state of Rhode Island, 
and the third the initial letter "G" (Gorham). Underneath, the 
word “Sterling” is stamped. This trade-mark on a piece of silver 
guarantees the sterling standard of purity, that is, 925-1000 fine. 
Absolute purity, 1000/1000 fine, is impracticable, as it is too 
soft for durability. American and French silver coins are mude 
of silver of the standard of 900/1000 fine, but the English sil- 
ver eoin is 925/1000 fine and kmown all over tht world as Sterling. 
In 1868 the Gorham Company adopted the Mmglish standard of Ster- 
ling, 925/10C0 fine and hes always kept this standard. 

"Gorham plate" whieh consists of a heavy deposit of pure 
silver upon a solid pody of pure nickel silver has been mude by 


the Gorham Compang since 1865 and is noted for its durability. 
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THE STORY OF THE MaNUFACTURS OF A SILVER PLATED FORK. 


In making a silver plated fork, there are over thirty 
distinet operations necessary. German silver, which is a com- 
bination of nickel, copper and zine, is procured in sheet form 
of varying iengths and thnicxnesses. This hard, white niekel 
alloy is used as a basis in making the fork uron which the sil- 
ver is afterwards deposited. Im the Prepuratory Room, the met- 
@l is tninned or graded aeceording to the correct thickness by 
pPlaeing it between heavy rollers. This thickness varies from 
3/16" in parts of tne randile to 1/32" at the extremity ot the 
tines. It is then cut into the approximste shape of tne fork. 
This process leaves the metal raw on the edges, therefore, it 
is sent to a department where the edges are clipped. The 
shaped blanks are placed in an oven and brought to a red heet 
in oréer that they may be readily workec. This process is 
esiled annealing. 

The fork is then stamped. A steel die is fixed seeurely 
in the "bed" and its mate secured in tne drop of tne machine 
which does the stamping. The piece of metal, or "blank", is 
placed upon the bed die, The drop, which varies in weight 
from 75 pounds to a ton, has a loose strap or belting attached 
to it. This is curried over a rapidly revolving pulley above 
the iron uprights, betveen whieh the drop slides up und down. 
The other end of this strap hangs convenient to the operator's 
reach. As he grasps and tightens it over the pulley, the drop 
falls with a blow upon the blank, leaving the impression of the 
die. Where the metal has oozed out between the dies there is 


usually a small burr left. This is removed by trimming. The 
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Trade-mark is then stamped on the back of the handle. 

From here, the fork is taken to be "bobbed". This is 
a smootning ofr process and is done by using powdered pumice 
and oil with the object or eliminating scratches, holes, or 
any Otner surface imperfections. In all electro-plating 
operations, the articles to be plated must be perfectly smooth 
and free from even the slightest scratches, otherwise these 
will show very plainly after plating. After it has been bobbed , 
the fork is washed and sent to the plating room where it ig to 
receive a coating of silver. 

In the electro-plating room, the ferx 4% suspended by 
ea wire to a metallic rcd in a vat made of wood, or other non- 
conducting substance, in which is a plating solution. Errs of 
silver ere hung at the side of the vat and are connected with 
the positive pole of the dynamo. The metallic rods are con- 
neeted with tne negative pole. fhe solution completes the 
cireuit. The lengtn of time the fork remains in tne plating 
solution depends on the generul conditions, suchas atmosphere, 
heet of room «nd strength or solution, anc the thickness of 
the deposit required. In general, .001 ineh is deposited in 
one hour and from 6 to 8 amperes ere neecssary 08 square 
foot. 

A patent automatic sezle, which weighs the silver while 
depositing, is balanced to the exaet weight of silver to be 
deposited on the fork. When the current is turmed on the plat- 
ing begins. When the proper weight of silver has been deposited, 
the seale beam rises, springing the switch, breaking the electrie 
eurrent, and stopping the plating immediately. In general, a 
good deposit of Biiver takes from 30 to 45 minutes. It is 
then seratch brushed, polished, and washed. After it has been 
inspected, the fork is wrapped in tissue and sent to the stock 


room. 
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THE BRONZE FOUNDRY. 


Bronze metal of high standard of quality is composed 

of 90% copper und 10% tin and zine. These materials are 
placed in a erucible made of graphite and nut in a containing 
furnace. Skilled moulders prepare the moulds from exact models 
of the piece as it is to be in bronze. The moulds are of sand 
of an exeeptionally fine quality contained in iron frames ¢s11l- 
ed "flasks." The molten metal is taken from the furnace and 
poured into the waiting mould. In the pouring of a large mould 
suchas one whieh requires from 4000 to 5000 pounds of metal, 
a sand basin capable of containing all the molten metal reqeiv 
ed is built upon the large mould. <A huge sand plug is affixed 
in the bottom of this basin. Crucible after crucible is then 
emptied into the basin until all the metal necessary has been 
obtained. The plug is then pulled and the molten bronze flows 
into the mould. When the metal cools, the enveloping sand is 
knocked away and the cast ig cleaned with wire brushes. The 
cast is then dipped into a strong acid and comes out the color 
of a new penny. It is now ready for the filers and chasers who 
go over the surface removing all superfluous projections or 
"fins", and strengthening the lines of ornamentation. 

After the dimensions have been inspected and adjusted 
in the fitting department, the finished bronze work is ready 
to be colored. Bronze is eapable of taking a great variety 
of colors, according to the acids whieh act upon it in dif- 
ferent ways. Certain chemicals will develop beautiful greens, 


while others will produce various shades of brown and black. 
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"Oxidized bronze" a light tone of brown, is obtained by 
oxidizing the raw color of the new bronze to a color which 


it would take if exposed to the atmosphere. 


;CHITECTURAL BRONZE DEPARTMENT 


Te architeetural bronze devartment uses the template 
system in measuring the pieces of bronze. "A template is 
a pattern or a mould used as a guide in mechanical work," 
In order to obtain a mumber of pieces of exactly the same 
dimensions, the dreftsman mukes a pattern on wood the thick- 
ness of the bronze. The dimensions and the places to be holed 
are marked on these pieces of wood. It is then given to a 
workman who puts it on a machine where it is seribed on the 
bronze. Then it is eut out by machine after enich the work- 
man mey eheck the measurement or not, but he must take it to 
the inspector who is responsible for the aceuracy of the 
dimensions, 
| The template system, therefore, eliminates to a great 
extent the need of constant measurement by the person on the 


job. 
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GORHAM MANUFACTURING CO. 


ILVERWARE DEPARTMENT 
2 are piece - Sterling Silver or Gorham plate 
Staples - sold in gquentities of 12-8-6-1 


fea spoons, 
small 
resular 
medium 
heavy 
extra heuvy 
Dessert spoons, 
regular 
medium 
heavy 
extra heavy 
Dessert forks, 
regular 
medium 
heavy 
extra heuvy 
Dinner forks, 
reguler 
medium 
heavy 
extra heavy 
Soup spoons 


Fancy - sold in quantities of 12-8-6-1 


Bouillon spoons 
Breakfast spoons 
Butter spresders 
large 
gmall 
Coffee spoons 
Cream soup spoons 
Fish forks 
Iee cream forks 
Ice eream spoons 
Teed tea spoons 
Orange spoons 
Oyster forks 
Pastry forks 
large 
small 
Salad forks 
large small 
small 
Salt spoons 
Tea forks 
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Sterling Silver or Gorham plate (continued ) 


Cutlery - sold in quantities of 12-3-6-1 


Breakfast knives 
Dessert knives 
Dinner knives 
Fish knives 
Fruit knives 
Salad knives 

Tea knives 


Pie 


Asparagus server 
Baby fork 

large 

sina. i 1 
Baby knite 
Baby spoon 

large 

small 

bent handle 
Berry spoon 
Bonbon or almond spoon 
Bonbor or sugar tongs 
Bottle opener 

lurge 

small 
Bread knife 
Butter knife 
Butter pick 
Butter pick or olive fork 
Carving knife ,meat 
Carving fork, " 
Carving knife, geme 
Carving fork, * 
Carving steel 
Carving knife, steak 
Carving fork, 
Steak steel 
Cheese server 
Child's fork 
Child's knife 
Cold meat fork 

large 

medium 

small 
Creem ladle 
Cacumber server 
Duck- shears 
Egg server 


Food pusher 
Gravy ladle 
Iee tongs 
Jelly server 
Jelly spoon 
Lemon fork 
Lettuee fork 
Lettuce snoon 
Mayonnaise ladle 
Napkin marker 
Olive for 
Olive spoon 
Pickle fork 
Pie server 

large 

smull 
Preserve spoon 
Salad fork 

large 

smail 
Ssled soon 
Serving fork 
Serving spoon 
Sugar spoon 
Sugar tongs 
fable spoon 

regular 

med ium 

heavy 

exira neavy 
fea maker 
fomutoe server 
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SILVERWARE DEPARTMENT 


Holt Wa. Sterling Silver 
Almond and Bonbon dishes 
Baskets 


Bread Trays 

Bowls and Dishes 
Entree Dishes 
Vegetable Dishes 
Relish Dish 

Cheese Holder 

Goblets 

Bread and butter plates 
Card trays 
Centrepieces and mesh 
Candlesticks 
Children's ware 


Porringer 
Napkin ring 
Hair brush 
Comb 
Military brush 
Coffee sets 
Sugar Baskets 
Sugar tongs 
Muffineers 
Sugars and Creams 
Coffee cup and saucer 
fea sets 
Pitehers 
Vases 
Waiters 
Jam Jar 
Syrup sets 
Pepper end salt shakers 
Mayonnaise bowls 
Gravy boats and trays 
Comrctiers 
Sandwich plates 
Napkin rings 
Photo frames 
Shears — 
Toilet ware 
Handiket get 
Smokers trays 
Ash trays 
Mateh holders 
Cigarette eases and box 
Flasks - Beverege mixer and cup 
Iee tub with glass lining 
Drinking cups 
Funnels 
Belt buckles 
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SLLVekWARY DEPARTMENT 


Boat, gravy 
Bowls 
berry 
may onnaise 
Boxes 
eigarette 
match 
Candelabra 
Candlesticks 
Compotiers 
Cups 
eoektail 
eoffee 
Dishes 
bonbon 
butter 
eheese and crucker 
entree 
double 
fish 
meat 
muffin 
relish 
vegatable 
Flasks 
Goblets 
Iee tubs and drainers 
Plates 
butter 
pread and butter 
service 
sandwich 
Pitchers 
Fings, napkin 
Sets 
tea 
eoffee 
Trays 
bread 
ash 
eard 
Trivets 
Tureens 
Waiters 
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BRONZE DEPARTMENT 


Statuary 
Familiar Historical pieces 
Daneing figures 
énimals 
Imaginative conceptions 
Children 
Garden pieces und Fountain aecorations 
Special subjects 
Busts 

Tablets 

Medals 


Emblems and Insignias 


liachine Shop 


Doors 

Door frames 
Window frames 
Partitions 
Gratings 
Cornices 
Sereens 

Altar rails 
Caskets 
Cireulsr stairways 
Trimmings 
Frames 
Stairways 
Srecial orders 


May 


Meusoleum doors 
Gates 
sarecophagli 
Vases 

Urns 

Trizods 

Grilles 
Cinerary Urns 
Wreaths and Palms 
Lion Heads 

Door handles 
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ECCLESTASTICAL DEPARTMENT 


Alms Basons 

Altar Candlesticks 
Altar Crosses 

Altar Desks 

Altar Lights 

Altar Railing 
Altar Standards 
Altar Vases 

Apostle Spoons 
Badges 

Book and Box Mounts 
Branches for Lights 
Candelabra 
Candlesticks 

Cases 

Chalices 


5 a 


Chancel §Sereens and Gates 


Ciboria 

Communion Pliate 
Communion Sets, Poeket 
Crosses, Altar 
Crosses, Prosessional 
Crosses, Memorial 
Crosiers 

Cruets 

Credence Patens 
Crucifixes 

Desks 

Dossel Fittings 
Eagle Lecterns 
Ewers 

Flagons 

Flower Vases 

Font Covers 

Font Ewers 

Fonts, Pocket 
Fontlets 

Grilles 


Incense Keats and Spoons 


Lamps : 
Lavabo 

Lecterns 

Medals 


Memorial Braxzses 
Monstrances 
Offertory Basons 
Patens 

Pendants 

Pocket Communion Sets 
Pocket Fonts 
Prie Dieu Sets 
Pulpits 

Pulpit Desks 
Pyxes 

Salvers 
Sanctuary Lamps 
Sanetuary Standards 
Sereens 

Signs 

Spoons 

Staves, Pastoral 
Tavernacles 
Tablets 

Trays 

Trowels 
Thuribles 
Triptyechs 

Veses 

Wall Grosses 
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Pure Silver and Gold Troy ounce,pennyweicnt & 
pound 
Niekel " (German ) Pound (Avoir. ) 
Bronze ” 
Brass 
Tin si 
Supper 7 
Zine ” 
Steel " and hundredweigcht 
Knife blaces (steel) Dozen 
Sheet Metal (wrought metal) Feet & inehes (length & wid& 
by thickness(1000th of ineh) 
Flannel Pound 
Raw soap is 
Pumice " 
Aeids (Sulphurie,Nitrie,ete. ) " 
Velvet & Fringe Yard 
Leather Square foot 
Laequer | Gallon 
Oil - " 
Fuel oil Barrel - 42 gallons 
Jars Gross 
Jar Caps Hundred 
Brushes Dozen 
Paper Ream - 590 sheets 
Wood Board feet 
Freneh sand Cask - 500 pounds 
Cardboard fon = net 


Charcoal and eoal fon - * 
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LINGAR MEASURE 


Ineh 
Foot 
Yard 


SQUARE MEASUKS 
Square Inch 
Square Foot 


CUBIC MEaSUKE 
Cubie Inch 
Cubie Foot 


LIQUID MiaSURE 
Pint 
Quart 
Gallon 
Barrel 


TROY WHIGHt 
Pennyweignt 
OQunee 
Pound 


AVOIRDUPOLTS welGat 


Ounce 

Pound 

Hundredweight 
CIRCULAR LEASURE 

Degree 

Cirele 


UNIT MEASURE 
Unit 
Dozen 
Gross 
Hundred 


LUMBER MEASURE 
Board Foot 


LIN#AK M#aASURE 


Inch 
Foot 
Yard 


UARE MEASURE 
Square Inch 
Square Foot 


CUBIC MEASURE 
Cubie Ineh — 
Cubic Foot 


IQUID MEASURE 
Gallon. 
Barrel 


AVOIRDUPOIS Wi 
OQunee 
Pound 
Hund redweisht 
Ton 


CIRCULAR MeaSuURE 
Degree 
Circle 


Tis 


Minute 


Gross 
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UNITS OF MEASUREMENT USED IN DESCRIPTION AND SALE. 


In the deserivotion and sule of flet wure pieces, units of 
measurement are not considered to any great extent because or 
the variation in the aifferent vatterns, for example, the 01d 
French puttern teaspoon is 3/8" shorter thun the Dolly Madison 
rp. ttern teaspoon. In general, teaspoons whicn ure Listed as 
Smali in the catalogue sre epproxim.tely 52” in length, while 
those which are listed as Trade or Regular sare about 6" lone. 

Dessert forks sre usually between 7" and 7i" long while 
dinner forks are avout 72" long. 

Breakfust knives ure between 82" and 9" in lengtn, dessert 
knives about 82" and dinner knives from 10" to 1:02" long, 

Other flat wure pieces sueh us butter spreaders, buby forks, 
jelly servers, ete. vary in mensurement to sueh an extent that 
every pattern is almost individual in length. 

fhese flat ware pieces are listed aecord ing to staples, 
faney dozens, cutlery, and single pieces and are sold in quenti- 
ties of 12,8,6, or 1. The price is based upon the gualtity, 
workmanship, and size of the article, sterling silver costing 
almost twice as muchas Gorham plate and regular teaspoons 
eosting about $2.00 s& dozen more than the small teaspoons. 

The St. Dunstan eatters, whieh is very finely cnased, is from 


$6.00 to $10.00 a dozen more than the stampe patterms. 
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Hollow Ware Sterling and Gorham Plate 


Artieles of this sort ean be bought as follows: 


Bonbon Dish 

Easket 

Bowl 

Compotiers 

Dish 

Plates 

Plates 

Child's Cup 

= porringer 

Goblets 

Candlesticks 

Candlesticks 

Candlesticks 

Vases 

Vases 

Pepper and Salts 

Sugar Baskets 

Entree Dish 

Bread Trays 

Coffee Sets 
Coffee 
Sagar 
Cream 
Tray 

Pitehers 


Frames 


There are many Other pieces of hollow were but the 


Diam. 6g" Height 13" 
, LF Extreme 63" 
4 lot" " Qin 
" 7-178" mr 6 gM 
rn 10-1/8# mage 
1 bu 
. 6-3/5" 

0 ohn 
tt Ahn ” Lan 
a 6* a 
gn 
t  8-9/16" 
m yyse 
1 Yo 
m 48H 
nm ghey 
" gin m gin 
- 104° Extreme Diam. 14" 
Length 12" 


Cap. 1-5/8fts. Height 82" 
(no measurement given) 


Cap. i/e pt. 
Diem. 12° 
Cap. 4 pts. Height 7-5/3" 


Outside Dimensions 8-7/8" x 11-3/8" 


pieces and measurements listed here are typical of all. 
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BRONZE DEPARTMENT 


The products of the Bronze Art Department are priced aecord- 
ing to the skill, time and amount of material used in their 
invention and manufaeture. The measurements used are according 
to specifications. Some articles such ss doors, fittings, ets. 
are of standard type and may be obtained at stock prices. 
Material. All work is eonsitructed of Gorham Standard Bronze Alloys, 
Construction. The work is built in accordance with, and in striet 
adherence to, the Gorham Standards of Bronze Construction, whether 
stock or special. 

Deors. Doors are classified, generally, as follows: 

Built up doors, open back. 

Built up doors, clased back. ; 

Cast Doors, single fsced, open back. 

Cast Doors, single faced, closed back. 

Cast Doors, double faced, built-up back. 

Cast Doors, double faced, east front and back. 
Size of Doors: In the manufacture of bronze pieces, experience hes 
demonstrated the necessity of establishing stsndard dimensions. 
The clear day-lizht or masonry jamb opening for Mausoleum doors 
should be three feet (3'-0") wide by seven feet two inehes (7'2") 
high for single doors und three feet four inches (3' 4") wide by 
seven feet two inehes (7'2") high for doyble doors. These dimen- 
sions have been adopted as standard and designers widerstand 
thet, unless a special size door is vanetiee, it is ea measure of 
economy to adhere to these propvortions,. 


Other articles in bronze are manufactured according to 


the following dimensions: 


Vases, Urns and Tripods Height from 321i" to 438" 
Grilles 25"X40%" to 40" X 818 
Cinerary Urna Height from 244" to 29% 
Wreaths Diam. se 15" to 62" 


Palms Lenvth * 47" to 668 
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OF PERSONS EMPLOYED IN PLANT 865 
a. Purchasing 4 
b. Manufseturing 170 
ec. Selling 25 
a. Office nh 
Total 865 


MUASURE IN MANUFACTURING. 


SILVER No,Employed Ist ,Q@lass and.Cless jrd,Cluss 
Preparatory Rooms 104 1 § . 98 
Die Cutting 25 23 2 

Trimming & Assembling 15 pi 5 69 
Eleetro Plating ELS 2 10 4 103 
Sterling . 90 ci 8 81 
Designing 10 8 2 
Engraving 15 a5 

Chasing 15 15 

Etching § 2 

BRONZE 

Architecturyl | 118 2 10 106 
Machine Dept. 150 4 9 137. 
Seclentes teat Dept. 19 1 | 2 
BOX DEPT ee anh eo — 2 
Total 779 83 64 | 623 


Pereentzuge 11% 8% 81% . 
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EXPLANATION OF CLASSES. 


In order to seperate in some degree the persons using 
tubles of measurement from those wno do not need this information 
to carry on their daily tasks in industry, the preceding table 
has been eonstructed py the writer. Altnougn tne generul classi-e 
fiextions of first, seeond, und third cluss are more or less in-e 
definite in character, a finer and more detailed divisicn would 
probubly not prove to be much more reliable for tne purpeses of 
the study. 

By ist. elass is meunt tnose having un exnert knowledge of 

he untte of mensure, and who xre using thet knowledge in tneir 
work. An example of this ecless is found in the die eutter who 
must be able to use the micrometer and vernier caliners and 
other instruments, formulae, and techniques for measuring and 
designing accurately all clusses of work. This demands special 
training and a minute degree of aceuracy (.00017) It does not 
inciude the workman who simple reads an sutomatie gceuge, 

By end. class is meant those having and using a knowledge 
of the common inmeasuies, such as linear, square, and cubie measure, 
and who are able to read simple blue prints. This elacs, in 
general, is composed of persons who measure inches, ete., aceur- 
ately, but who have not an expert knowledge of measurement. 

By 3rd. cluss is meant those who do not use or need to under- 
stand any units of meusure. These persens are usually engaged 
in press work, assembling, polishing, ete. where little funda- 
mental knowledge of measurement is required ss the meehines are 
automatic, and the process, though imrortant, does not demand 


the use of measurement. 
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Distribution of Tolerances. 


olers. * 
"A tolerance is the differenee between the limits 
or maximum and minimum dimensions of a given part. It may 
be expressed as a plus or minus, or both." 

Modern mass production anc orgenized industry demands 
exact dimensions, accurate to milliontns of an inch on some 
types of work. The use of different tolls called gauges mease 
ure these dimensions quiekly and accurately. There are many 
different kinds of gauges for different kinds of work. Limit 
or snecial gauges, some of which are commonly ealled goeand- 
not-goO gauges, ere used in testing and inspecting, and recuce 
the time element to a minimum. 

The Ameriecsn Standards Association, The Ameriean Soei- 
ety for Testing Materials, and other similar organizations, 
huve endeavored to urge all concerns to adopt standard or 
-eommercial toleranees in manufacture in order to keep measure- 
ment over the years and to eliminute guess work and waste in in- 
dustry. Meny eoneerns have ugrecd to these standsrds and use 
them in all ordinary work, For special work, it is sometimes 
necessary to inerease or decrease these amounts. 

The Gorham Manufucturing Company in its finest work 
sometimes uses tolerences of plus or minus .O0001", For ex- 
ample it is very important that the deposit of silver in 
the electro-plating process be measureé accurately. The 


expert, therefore, must be able to determine whether or not 
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the correct amount of silver hus neen used, and the limits 
are necessarily very fine, Tne common tolerance ullowsd 
in other types of silver work is plus or minus.005" or a 
total tolerance of .010". 

In the bronze departsent, wnere considerable of 
the work done is on pieces over ten inehes, 1/64 inen is 
the eommon tolerance, but sometimes a tolerance as large as 
1/8 inch is permissable on outside dimensions. 

The distribution of to!ersnees in the Gorham Compeny, 
therefore, ranges — plus or minus .0001" to 1/8 inen 
with the median of approximutely plus or minus .005". 

Only the expert or ist. class workman is responsible 


for a knowledge of toleruees,. 
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GORHAM MANUFACTURING CO. 


LINEAR MEASURE 


a 
me ee te IR eR NNR 


Ineh | 300 Items (See list of 
Foot | 43 ad articles manu- 
Yard 2 " factured, pure 
i: ehased and 
SQUARE MHASULE sold.) 
Square ineh 2 ” 
Squxre foot i 7 


Cubie inenh 20 = 
Cuvie foot 5 ” 


LIQUID MEASURi 


Pint 3 
Quart 1 * 
Gallon 4 " 
Barrel Sy " 


Pennyweight 
Ounce 
Pound 


AVUTRDULOIS WIGHT 


Ounce 

Pound L 
Hundredweight 

fon (net) 

fon (gross) 


CIRCULAR MEASURE 
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Degree 
Cirele 
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UNIT HxuaSURE 


Unit q 
Dozen 19 uw 
Gross 4 
Hundred sf 


ELECTRIC MEASURE 
Ampere i * (Electro-rpiating) 
LUMBER MMéaASURE 


Board foot _ 2 


Number of Items 
requiring one unit 
of meusurement 44] 


Number of Items 

requiring more than 

one unit of measure- 

ment, i.e€., pints and 

inunes, ete. ll (Such es ten & coftee 
gets, pitchers, bev- 

458 erage mixers, gravy 

boats, ete.) 


Namber of Tables used 12 


How Items were obtsined 


The number of times each item was usea in pur- 
chasing, munufxacturing, end selling wes optnined by 
estimuting the number of operrtions in which the 
measurement wat actusully used. For example, if the 
piece menufuctured was made aceording to & pnttern 
wnich required the use of measurement only at tne 
time the puttern wus mude, this item wus recordeé 
only once, even though hundreds of similar pieces 
were mude from the pattern. 
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Providence B - 


There are many munufacturers of cloth who do not fin- 
ish their own materials. Tne bleuching, dyeing, and mereer- 
izing processes require equipment and conditions which ure 
important and expensive enough to muke the finishing a sepa- 
rate braneh of the textile industry. The eotton manufuecturer, 
therefore, usually sends his goods “in the gray", whien means 
before it has been bleached and colored, to u finishing plant 
where the cloth is put into the eondition in which it finully 
appeari. 

The United States Finishing Company is just sueh an in- 
dustry. It does not munufacture or sell goods, but conducts 
its business on a service busis. The cloth and the pattern to 
be printed are supplied by the customer. This plant is one of 
seven branches, the main office being locuted in New York. 

Bleaching. Pure, soft water and plenty of it is a prime 
requisite in the finishing proeesses. New Englend has many 
bleaching and dyeing plants beeause of the good water supply, 
as well as other advantages, sueh as ease snd rapidity of 
trensportation,. 

The eloth is bleaehed in large iron kiers, some of wnich 
hold 8000 pounds. This means a strip 40 miles long in some 
kinds of materiul. The cloth is boiled twice from ten to 
twelve hours in tne caustie solution. The blesching solution 


must be of exactly the richt strength for the kind sand amount 
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of material immersed and the decree of bleaen to be given. 
The length of time goods is steeped must be aceurately deter- 
timed by an expert who knows the exact duration of the nee- 
essary chemical action upon the cloth. 

Tyveing. Bleaching deprives the cloth of color, while 
ayeing gives cloth eolor. If the cloth is to be dyed a light 
eclor, or if it is to have colored designs on a white back- 
ground, it must be bleached thoroughly before being dyed. 

After it has been bleached, the beauty and finisnm of both the 
eclor and tne fabrie are dependent upon those who mix the 
eolor eolutions ané guide the dyeing operations, 

he dyestuff must be made of such a nature thut the 
ecloring matter will unite with the fiber of the cloth in or- 
der to produce the strength ox color desired, It must also be 
set and this is done by the addition of another chemical, enall- 
ed a merdent. Substances cf mineral origin such es salts of 
aluminum, ehronium, iron, copper, and tin, crincipally, and 
many others to a less extent, and af organise origin, like 
aeetie, oxslie, citric, tartaric, and laetie acid are employed 
as mordants, fhe ehemical composition of the dye, the strength 
of the color, the temperature of the water, the length of tize 
the cloth shall be kept in the dye bath, and the succeeding 
treatment of the material are problems that must be worked 
out by the trained chemist or dyer before the dyeing opera- 
tion begins. 

Printing. Roller printing is the simplist method of pro- 
ducing figured materials on eloth and is the method used in 
eoloring many of our drapery and dress materials. The design 


of one color is en-raved on a copper roller long enough to 
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extend serose the width of the eloth to be printed. This 
work is very intricate and demands great securacy of mensure- 
ment. Hach eolor must heve a separate roller; therefore, if 
the puttern is to contain seven, eight, or more eolors, there 
must be that number of ecop.er eylinders in tne printing ma- 
chine that does the work. 

fhe engraved rollers are aecurately arranged in the 
printing muchine, each with a pan of color for that particular 
pert of the design placed under it. The eloth is supplied 
tc the engravet eylinders by wooden rollers eovered with eloth, 
or brushes, whieh revolve in the pan of color. As these roll- 
ers or "furnishers" supply the whole surface of tne engraved 
eylinders witn color, as well as the engraved purts, the sur- 
face color has to be seraped off again, and this is done by 
means of a steel blade, known as the “doctor bisde™. The 
printing machine mag a large iron bowl or drum eovered with 
several layers of a eourse eloth called “lapping”, and the en- 
graved eylinders press aguinst this surface. The cloth to be 
printed passes partway round the bowl of the machine and be- 
tween the engraved rollers ané the bewl, and thus it reecives 
the cOlor. The setting of the colors is extremely important 
in the preduction of satisfactorily printed materials. Print- 
ed. cottons are usually run over very hot rollers filled with 


steam to set the colors. 
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QHE STORY OF HOW CLOTH IS PRINTED, 


The cloth is brought to the storehouse in bales whien 
are covered with burlap and bound with metal bands. These sre 
trucked across to another building where they are sent down a 
shute to the gray room. The bales are opened and after the 
foods ere murked, the ends are sewed together. Then the eloth 
is rolled end measured by machine, and sent to the singeing 
room, Here it passes rapidly over a gas flame to remove the 
fine loose down and other foreign matter wnieh might nave ad- 
hered to the cloth, It is then immersed in «& tank of eater and 
gent through a pot-eye into large bins where it undergoes a 
souring process to prepare it for the kier room. in this room 
the eloth is boiled a whole day or longer in immense iron bdoil- 
ers or kiers containing a eaustie solution to vleach it, ‘Then 
it is sent to the wash room to have the caustic washed out. 
It is then dried and, if the goods is to be mereerized, sent 
to a room where it is fed into a machine which straightens the 
fibers of the sloth and thus mereerizes it. From here the 
eloth passes to the winding room where it is wound on large 
rollers and then sent to the roll storage until it is needed, 

If the eloth is to be dyed a plain color as well as 
printed, it is taken to the color room and dyed by passing in 
and out of a dye solution over several rollers, the lower ones 
being submerged in the liquid. When it is a satisfactory shade, 
it is removed and rolled, first passing over four or more dry 


eans filled with steam to dry it. 
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In the printing room the eloth is fed, by an apprentice 
ealled a "baeck-boy", into a printing machine containing one or 
more eopper rollers, according to the number of eolors in the 
pattern to be printed on the eloth. For example, if the pattem 
eontains yellow, orange, and brown, there will be three eoprer 
rollers. 

The printer stands at the front of the mashine watching 
the eloth constantly to see that the color is the eorrect shade 
and thet the pettern is matched. During this process, which is 
the most imvortant, the cloth rests on another thiekness of 
eloth whieh serves as a pad. After it passes over another set 
of dry eans it is taken to a room where it is washed ané then 
sent through a steaming machine to set tne colors, 

fae goods is then stareaed and run through a tenter frame 
to streteh it, or through a shrinking machine to shrink it if 
it is shirting or non-shrinkable material, and taken to the 
pasting table. Here the seams in the cloth are eut out and the 
ends casted together, so as not to interfere in the ironing 
process, Then it is dampened by means of revolving brushes 
and sent through a eslendar machine and ironed to give it a 
lustre and softness, 

In the folding room the cloth is inspected eas it is frold- 
ed by machine in yaré folds. It is then counted, tagged, and 
wrapped and sent to the shipping room where it is paeked in 
ences for delivery. The wrapping paper, tape, and tieket are 
all supplied by the customer. 

The cloth is measured automatieally during almost every 


process by & ealeulating device similiar to that used in 
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eee yard goods in a department store, Tne worker 
merely notices the mamber of yards registered and records 
it on the ticket accompanying the order, 

An allowance of 1% or 2% according to the grade of 
the eloth hss to be mutts beesuse of the gkrinkage sand also 
beeause of the loss enused by the necessity of trying out 
the colors to se used in the pattern. If this shortage 
amounts to more than the pereeniage allowed the loss must 


be made up by the United States Finisning Company. 
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Sulphurie acid - liquid 


fannie Aeid " 
feetie ” ws 
“LMuristie seid rn 
Oxalie * erystal 
Stearic ” eake 


Albumen-liquid(biood from cattle 
yards) 
Albumen * (eze) 
Albone ¢ 
Acetine J  - liguid 
Denatured aleonol 
Amonia 
Glycerine 
Glauber - eommon 
Glauver - heavier 
Csustic Soda - Solid 
* Liquid 
e * Flakes 
Cholorine 
Soda Ash 
Starches 
Dextrine 
British gum 
Hampton gum 
Corn starch 
Tapioca 
Tale 


Oils - Castor, Pine, & Corn 


Tank ear-66,909 to 100,000 

pounds to a car 

Barrel - 450 lbs. 

Barrel - 500 lbs. 

Carboy-120 lbs. or 10 gal. 

Barrel - 205 lbs. 

200 cakes to & case 

500 lbs. to barrel 

Tin - 100 lbs, 

Cerboy-120 lbs or 1° gal. 

Barrel = 450 lbs. 

Iron drum-500 to 609 lbs. 
" " 990 to 1900 lbs. 
" * 1108 to 1200 Xbs. 

Bag - 100 lbs. 
ba 200 lbs. 

Iron Drum - 700 lbs. 

Tank - 38000 lbs. 

Drum - 350 lbs. 

Cylinder - 150 lbs. 

Bag - 300 lbs. 

130 to 150 lbs. Bag 


Bag - 200 to 210 lbs. 


Barrel - Billed by pound 


ivtiste : i 


Kerosene oil 
Red Oil = soap 


Dyes - powder 


Dyes - vat - paste- or liguid 
Paper 

Jape 

Thread 

Back gray eloth 

Copper Rollers 

Doctor blades 

Wooden eases (shooks) 


Coal 


Tank - 100 gallons 
Barrel - 50 gallons 


Containers 10 lbs. to 
50 lbs. 


Barrel - 209 lbs. 

Pound 

1: lbs. Cone - 1000 yés 
4 lb. Cone 

Pound 

Unit 

Dozen 

Unit 


fon (net) 


. a - =F 
3. a ae 7 ‘ 


' 
7 i ey gg ATO ~ ee 
: . a ree See 
7 - ‘e 
a - 7 a = 
me St 7 gm i Wi gia 7 


$ite/. os jm Kita fiv omacvex #e. 
RiGslee we = d-e, & p06 - fi0 o¢F 


“) Br. ( cattit e-bay thhads - ‘sent 
ee th = a 
ofes Me = PSF isk Pit! .a ses@gg = Jay - eae 
“eS py ay 
by elf. in O WY =< di 9.8 


eend . f (Steere 
_ sate wee ae 
‘ cit” . : = 1= TKO 1. ga05 


pact ’ -lbatd oat 


Pidu if sige, ego mabe 


' (st) oot “§ 7 Tawty 
: ~, 
ee 4 
ri : 
a meats a — ¢ 4 7 


wee Thy 
wo —— 2 


J. 


wh 3a 


Inches 
LIQUID WEASURZ 
Pints 
Quarts 
Gallons 


AVOLEDUPOIS WeIGHT 


Ouneées 
Pounds 
Ton 


CIRCULAR MEASURE 


Degrees 
Cirele 


ry IME 


Minutes 
Hours 


ITS OF MEASURE USED IN DESCKIPTION AND SALE. 


THE UNIPeD STATES FINISEDTG CoO. 


As this industry does not manufacture articles 

but simply performs a4 service for the ecustemer tne sales 
department is u little different from most coneerns. The 
cost of the blesaehing, dyeing, and printing is based upon 
the auality of the goods, tae intricacy of the pattern as 
well as the number of colors used, anc tne amount of ma- 
terial to be finished. Tables, whieh state the cost of 
finishing a certain number of yuerds, are in tue hanas of 
the salesman. The only measurement, therefore, in which 
he is interested is tne number of yards in tne material 


ané the number of colors in the pattern. 
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NUMBER OF PERSOUS EMPLOYED IN PLANT 470 
a. Purchasing 2 
Reseiving 6 
b. Finishing 43] 
e. Selling 9 
ad. Offiee ut 2 
Total 470 


Preparatory Rooms 


Gray 12 z ai. 
Singeing 8 + 1 
Bleaching 30 1 Pd 27 
Mereerizing 6 i 4 4 
Winding 30 6 f 29 
Dye 39 1 EA 28 
Dry Cans 6 6 
Color 20 1 2 29 
Printing 60 14 6 40 
Soap and Steam 20 i 5 J 
Engraving 12 12 
Tenter Frame 28 1 = 26 
Pasting 19 16 
Dampening 10—t«; 10 
Calender 30 1 29 
Make-up (& inspection) 45 z! 4 40 
Packing 40 a. 2 39 
Power and Maintenance 20 2 6 2 
Store Room -  § 1 4 
Trucking poe sete ere oe 
Total 437 37 29 571 


Pereentage 8% 1% 85% 
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LINEAR MEASURE 


Ineh 
Yard 


JARS MEASURE 


Ineh 
Foot 


CUBIC MEASURE 
Ineh 


Pint 


Quart 
Gallon 


AVOLRDUPOLS MBASUR 


Ounces 
Pound 
Ton (net) 


Degree 
Cirele 


TIME 


Minutes 
Hours 


Number of Items 
requiring one unit 
of messurement 


] Items 
19 vw 
2. 2 
1 re i 
Number of Items 
i. ™ requiring one unit 
of measurement 
1 
1 * Number of Items 
ahs requiring more than 
59 8 one unit of messure- 
ment, 1.¢.,yards and 
inches. 
q4 * fotal number of Items 
290 vw 
i * Number of fables used 
1 TT 
xz * zi 
Number of yxurds to be ~- 
printed and width of 
elcth in inehes. 
S=* 
3 ? 
3 " 
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OF AN UST PIPING INDUSTRY. 
Li 


COMPANY 


MANUFACTURING FACILITILS THROUGH ARHANGEMENTS WITH 
GENERAL FIRE EBX?TINGUISHER COMPANY. 


The Grinnell Company, sometimes known ss the General Fire 
Extinguisher Company, is fully equipped to manufacture and 
sell many kinds of products. The automatic sprinkler, as a 
method of fire protection, is a reeognized leader due to the 
superiority of the Grinnell head and to a firm adherence to 
high standards of eonstruction. There are more Grinnell systems 
in use than all others combined. 

Power piping work is also a specialty of the Crinnell 
Company. This ineludes the construction and furnishing of all 
the necessary materials in connection with the piping. 

In the heating field, the Grinnell forced circulation 
hot water system is an economic method used in large industrial 
plants. The service ineludes expert construction and installa- 
tion. 

All of the piping work necessary for the supply of water, 
air, oil, chemical and other miseellaneous pipe lines in in- 
dustrial plants may be done by tne Grinnell Company and instell- 
ed with proper regard to strength, straightness and proper pitas 

In making the parts necessary for its ovm contrueting busi- 
ness, the Grinnell Company evolved the plan of offering these 
parts for sale in large quantities, Almost any type of fittings, 
hangers, valves, und piping supplies may be bogght aceording to 


standard sizes or special specifications. 
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Textile drying machinery, electrical devices, and 
humidifying equipment sre also products of this company. 
There are seven Grinnell plants in North Ameriea, two 
of whieh are loexted in Canada. The general offices are lo- 
ented at 260 West Exchange Street, Providence, R.I. This 
study is econcernec with the Providence plant, wnich special- 
izes in automatie sprinklers. 

Tumidifying equipment, such as atonizers, humidity cone 
trols and seales, use the trade name AMCO or American Moisting 
Company. This is a subsidiary of the Grinnell Company. Humid- 
ifiers and sther AMCO products are made in lurge numbers by 
this econeern. A humidifier is a high esapacity head for use 
where conditions require great amount and distrivution of mois- 
ture for air eonditioning in high studded rooms snd those where 
high temperatures prevail due to loesl conditions or require- 
ments, It is valuable where temperature ana dryness of the 
air are great, owing to frictional hexut developed by operation 
of eotton spinning and twisting machinery. 

In the sheet metal cdepurtment, there are-lurge machines 
whieh cut and turn the edges of the copper sheets. The men 
engeged in this work must be able to work from templates, to 
read simple blue-prints, and to understsnd common measure- 
ments. The eopper is rolled into lurge cylinders, then it is 
lapped and riveted to make a tight joining. 

fhe interior parts of these humidifiers are mate in 
various departments, In the foundry, bronze is used in the 
manufacture of the heavier portions, Three types of furnace 


are used, (1) electric, (2) oil, and (35) pit fires, in which 
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cont is used. After the parts have been cast, they are 
sand blasted in the cleaning room, 

Turret lathes smooth and trim the different perts:. 
Expert workers in the brass room thresd and fit the smaller 
pieces and some of the large sections which must be fitted 
aceuretely. They make use of different types of gauses and 
use the micrometer ecalizers, Other workers in this room do 
not need to use measurement as they are performing one operge 
tion, and an expert sets the machines, 

The parts of the himidifier are finally assembled, 


testec, and regulated. It is then ready for distribution, 


AUTOMATIC SPRINKLERS 

For thirty years the Grinnell Automatie Sprinklers 
huve been used as a means of fire protection. They have been 
reported as having extinguished thousands of fires with tri- 
vial losses whier otherwise mignt nave become very serious 
set backs. 

There are two trpes of sprinklers, tne soldered ty:e 
link sprinklers which operate at a temperature not lower than 
155 degrees F, and the silies bulb sprinklers whien operates 
at 135 degrees F. The soldered type (the original) consists 
of a yoke, body, diapnragm, glass valve, mein strut piece, key, 
hook, and deflector. <A thin costing cf solder whieh mekts at 
different degrees aceording to the kind of solder used, holds 


the parts ém place. 
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fhe silica bulb sprinkler works on an entirely ditfer- 
ent principle but uses many of the same xind of perts. The 
element effected by the heat is a silica bulb nearly filled 
with a red colored liquid. This buld st the lower «né@ rests 
on two sort copper rings which in tarn are held in place by a 
metal button. At its upper end tne buib rests on a similar 
ring whieh is supported by a small collar. A small pin pre-~ 
vents an adjusting serew in the collar from becoming loose. 
All of the metal parts sre wede cf bronze, seleetcd beeause 
of its strength and ability to resist eorrosion. When the 
head igs exposed te rising temoerature the liquid in the bulb 
expunds and shatters the bulb. Tnis loosens the parts snd 
releases the water, thus obtaining prompt and efficient re- 
sponse of sprinklers, 

Several gauges sre used by the expert in the eonstruction 
of automatic sprinklers. Im erder to eomply with the insure 
ance sompany regulations, euch part must be tested thorough- 
ly and exsmined periodically by an insurance inspector. Gauges 
whieh besome worn anc inausceurate must be replaced. 

The insveetors of these parts are working with go-and- 
not-¢o0 gauces constantly; but on the other hand they sre not 
eoneerned with the actus! meesurement as the gauge is all 
thet is necessary. The inspeetor may or mey not know thet 
he is working with measurements as fine as .001" or, in 
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Srougnt pire Boil er fubes Wrought Couplings and Nin pl es 
3 = % 2 — ale 
a y ry i , %5 ys uf 4 


Brass Pire and Nipples, Fabrieated Picing iterial, Are 
Metal Pine, Couplings and Nipples 

gS» E : ay 
Cast Iron Flanged ~- Bell and Spigot 


Serewed Fittings, Standard Cast Iron 

Braneh Tees, Cast Iron 

Sserewed yiitiues. Extra Heavy Cast Iron 
4 a) 


~ Sia oe a : : awa eae ae Fee 
Screwed Fittings, Cast and Drop Forged Steel 
G z ft 4 7 
Floor and Ceilin; 

; 


YJrions and Uion F 
Mallee ‘ble Iron Fi 
Rolling Fittines 
Bronze Serewed and Flanced Fittings 

Long furnm or Sprinkler Fittings - Drip or Drain tees 
Drainage Fittings 

Flanced Fittings, Standard Cast Iron 

Flanceé Fittings, Extra Heavy Cast Iron 

Flancved Fittings, Special - Casi or Fabricated 


Flanged Valves 
Bolts, Nuts and Gaskets 
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Automatic Sprinklers - Solder Ty;e and Bulb Type | 


Grinnell and Standard 

Pratt & Cady 

Reading 

0. a Ce 

Kennedy 

Columbian 

Foot Valves 

Accessories 

Blow-off Valves - Everlasting 
Boston Univeréi1ae 4 

Cocks School of Seater 

Library 
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Gauge Cocks, Gauges, Thermometers 

Safety and Relief Valves, 

Safety Valve Discharge Elbows 

Reducing Valves, Steam fraps 

Grinnell Thermoliers - {Unit Heaters) 
Tnhermoflex Specialties 

Air Traps, Rediator Valves, Tracs, Air Valves 
Vents, ete. 

Ejeetors, Injectors 


SCELLANEOUS SPECIALTIE 


Pipe covering, Insulation, etc. 


TOOLS 
Pipe Vises, Cutters, Taps, Reamers 
Wrenehs 
Chain Pipe Tongs 
Die Stocks 


Asbestos Lead Joint Runners 
AMCO PRODUCTS 


Humidifiers - Junior, Standard, Fan, Simplex & 
Ampex Types 

Atomizers - Self Cleaning and Plain 

Dampenera 

Hand Sprayers 

Humidity Controls - Air & Hlectric 
Psyenrometers ~ Mechanical & Hleeurie 

Himidity Seale 
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Pipe 


Pig Iron (specification) 
Hard or Soft composition 


Steel Bars 
Sheet 
Burs 
Copper 
Tin a 
Zine 
Lexd 
Niekel 
Aluminum 
Cadmium 
Brass 
Coke 
Coal 
Rubber Moulded Goods (for gaskets) 
Baklite | 
Oils (Cutting & Lubrieating) 
Linseed oil 
Fuel oil 
Platinum 


Brezilian quartz tubing 


Gold Beatus skin 
Asbestos 


Graphite 


1990 f£t.(in lengths of 18 to 
22 tt. Standarc sizes 4,+,ete. 


fon (net) 
Pound 
Standard lengths 
16" to 18" 
Pound 
" 
" 
” 
tt 


" 
" 
fon (Gross) 
" (Net) 
Pound 


rT 


Gallon 


Pound 


Berrel (42 gal.) 
Troy ounce 


Feet (diameter accordin 
to specification +,1/3" 


Yard 


Pound 
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GRINNELL COMPANY INv. 


LINEAR iiASURE 6. AVOLRDUPOIS WEIGHT 
ounces 
pounds 
hundredweight 
ton 
feet gross 
net 
J. CIRCULAR MEASURE 
degree 
feet eirele 
LIQUID MiaSURE 8. TIME 
gallons seeonds 
TROY WEIGHT minutes 
ou ce Jo UNIT Me aSURE 
unit 
dozen 
gross 
) & d_i easuri 


Mierometer Caliper 

Vernier . 

Steel Rules 

Steel Caliper rule 

Bevel Proiractor 

Steel squares 

Thread tool gauges 

Vernier height gauges 

Vernier depth gauges 

Micrometer depth gsaures 

Spring depth gauges 

Universal surface gauges 

Planer and Shaper gauges 

Serew Pitch gauge 

Thie-mess gauge 

Center gauge 

Standard internal eylindrieal gauges 
Standard external cylindrieal gauges 
Standard taper eylindrieal gauges 
Limit gauge 

Special gauges 
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£5 OF MEASUREMENT USED 


GRIUNELL COMPANY INC, 


Although a great deal of the werk whieh is done at 
the Grinnell Company is performed according to detailed 
specifications, standard fittings, valves, ete. may be 
obtained from stock, Because of the necessity of aceuraey 
the dimensions in the description and sale must be of such 
a nature that the customer may obtain the correct size and 
type of product. Im some cases one dimension, the inen or 
rarts of the inch is sufficient, but in other eases it is 
necessary to specify two or more dimensions or measurements, 
In order to illustrate the complexity of the measurements 
and the need of definite specifications, the following table 
is given. Almost every article which is manufactured is des- 


eribed in this manner. 


Arco Metal Pine and Couplings 
Arco Metal Pine - Threaded 
Size Weight Wall Threads 
Inehes Per Foot Thickness per 
14 3.5 «200 113 
2 4.1 218 11: 
24 6.17 ~276 8 
3 9.2 2500 8 
4 13.0 0337 8 
5 18.4 6375 8 
6 26.8 +432 8 


Unless otherwise specified threaded pipe is shipped in 


aprroximately six foot lengths. 
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The salesmen sell practically all their produets 
from catalogue. There is an attempt being made in this 
company to employ sales engineers, men who cansell and 
install. Up to the present time, however, there is but 
one sales engineer employed. General men, or men who 
understand thoroughly how to assemble and install Grinnell 
produets, sre sent by the company, to the building or 
plant, after the salesman has obtained the order. These 
men translate the specifications sent in into a satis- 


factorily finished piece of work, 
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439 
a. Purchasing 
Assistants c 
bd. Manufacturing 365 
ec. Selling 7 
d. Office 61 
Total 439 
r 1s 
Sheet Metal 40 4 5 31 
Basement 48 1 1 46 
Brass Room 36 5 5 26 
Sprinkler 59 1 1 48 
Brass Foundry 14 1 3 70 
Bulb Sprinkler 25 1 24 
Carpenter Shop ll 4 7 
Assembly, Enameling 43 1 es 30 
fool Room i he 5 6 
General, Inspeetion 27 12 be 4 
and Maintenance Becta 
Total 365 35 44 286 
_ Pereentage 9% 134 18% 


hh 


_- 4 : 7 Fi ‘ i, 
atietdored wa 
+ stantsteah 


oC. Aaa “ 


, guti leg .« 
oo sot .b 1 
ase Rael 
SF ive. = 2 y 
- q = < 7 AGS ~oA= a" 
Ry — re pi be yertre ne a) eg 4 


eg aes 


este ts aolhages  augidete’ ber fagilom i 


DISTRIBUTION OF TOLERANCES 


Beeause of the demand for a high grade fitting 
eombined with utility and strength, the perts manufsciured 
by the Grinnell Compeny must bé accurate and according to 
standard, There are certain Manufacturer's Standards to 
be followed if the customer is to be enabled to order stock 
products. For example, the muterial, dimensions, number of 
threads, ete., must all eonform to these standards. Certain 
tolerances or limits are also specifiec. These tolerances 
are of different amounts according to the tyre and use of 
the part. 

A tolerance of plus or minus .C0O1 is allowed on Zine 
work, of plus or minus .003 on otcer work, but on most of 
the perts the commercial tolerance of plus or minus .0°5 is 
aceurate enough. A limit of plus or minus 1/3? ineh is ale 
loweé on eenter to contact heavy cast iron fittings for | 
sizes up to and ineluding 10 inches, and plus or minus 1/16 
inch on sizes larger than 10 inches. Furthermore, plus or 
minus 1/16 ineh is allowed ‘on all contact surface to con- 
tact surface dimensions for sizes up to and including 10 
inches, On larger pieces of sheet metal work, plus 1/64 
ineh is allowed to pass inspection. fhe apvroximute median, 
is probably about plus or minus .005. 

In the manufacture of these parts, the majority of 


the workmen do not have gauges nor do they use these tole 


mw he ~ 
\ 


i2pRss to? Io corgargaye 
‘RH tSY chet; itsle o wot Srateh emf to’ saydest 7 < 
yon tmis al ocy Aes Sitges fee REEL E alt tw beatings > 


o! wutierces, Gps 6 'etgpaa sft Jeum Caen .f ferneieo oftgd 
OF Rhorgcern alyorliwismas matress seco ted? = baited 
Bagd dh 1a ve THidtsds Se oe Bh -eempiese emt-Tt Sonnstonad 
)o tedota cReolenembh , Felestun ade feiguese a Je tssthomy 
nici’sa)° ,.0tatoete oneiit oé aeoteos fia tapi Rds ebeeene 
sonar vlit paw? .briliors, cals vinceting? #0 snosateray 
tC soe OS) oscee sitters ubtitoosa ssiaome sre istLh s0 wee 
ting ed 

ent: co beroffs si I). anste- 41> eniq to sehars fog kb | 
70 JHOM ao Aid , a4 ow © oto 20 8O. gorta to eoly to Sid 
et 2°90, em tie %o sulg So roneuaflod oases std etit 9 


J ade 


“fa ak tinrt (2\I ehere =e enf ta fimtl-s muoc 


ee ee 
2) 2 5L9hi. gork Jean cretd decsnoe OF s07 fees tae " £ 


SINT ewein ao eolg ban ,cufook Of ort bir fom ae oft [ur 
TI slg emomsit2v® -.gerest OL mass twatel Ls AG 


~Hoy OF s8attus suatnes ffs nc ser “2 
| * antl 
OF amddy [byt bre oF aU geata io) Ganka we 
i Aa is a 
SOND “aut, tO itt aos Io 5 enka 


wreta ddumbgortas ot? sok spade 


hh guaeige 
to. bio an auth nena, hers 
-lot seast anu yedd on xt an 


-59- 


erances, For the most part, the work is done according to 
a pattern, or the machine, whieh is set, truns out tne 
perts automatically. The inspector examines the result 
and tests the accuracy of the dimensions by means of a 
special goO-ana-not-go gaux«e. Some inspectors are first 
elass workmen while others who merely inspect according 

to the gauge, disearding those which do "not-go" are 


second elxss workers, 
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LINEAR MEASURE 


Ineh 
Foot 


QUARE MEASU 


Square inch (See foot note) 


Square foot 
Square yard 


CUBIC MEASURE 


Cubie ineh 
Cubie foot 


LIQUID MEASURE 
Gallon 

TROY WEIGHT 
Ounee 


Ounee 
Pound 
Huncredweight 


Degree 
Cirele 


TIME Le 


SURE 
di iu 


Second 
Minute 


UULT MEASULE 


Unit 
Dozen 
Gross 


223 
2 


Items 


tY 


tt 


m 


| patel 
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Total number of Items requiring 
one unit of mensurement. 


Items reguiring two wnits of 
measurement. 


foot 
Inch square inch 
Inch & square foot 
Inch & degree 
Inch & pound(size in inches,pounds steam 
ressure ) 
Items requiring melo units 
of measurement. 


Inch 


Be Be 


Inch, pound ,degree(size,pressure & angle or 

Ineh, foot , pound eltvows ) 

Ineh,square inch,pcound 

Inech,square yard, pound 

Ineh, pound, gallon 

Ineh,square foot,pound(size,srate area,& pres- 
- sure of Lock Up Safety Valve) 


Items requiring four units of meusurenment,. 


Inch, foot,gallon,pound (Automatie injectors) 
Inch, pound,geallon,cubie foot (Water lifters) 


Items requiring five units of measurement. 
Inch, foot,pound,gallon,square foot (Steam Trap) 
Ineh,square foot,pound, second,minute (Foam Tank) 
Foot,cubie foot ,vound,minute,hour (Thermoliers- 
Air velocity ft.per min., air delivery cu.ft. per 
min., condensation lbs. per hr.-Standerd Units) 


‘otal number of Items 


Number of Tables used 


Foot Note.. 
Square Measure and Cubie Foot used only in items 


requiring more than one unit of measurement. 
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The B, A. Ballou Company, manufacturing jewelers, was 
founded by Barton A. Ballou nearly 60 yeors ago. This is 
one of the oldest and most reliable jewelry concerns in 
the city of Providence, 

The persons employed in this industry renre from the 
highly skilled workman to operators of automatic machines, 
eaeh performing a definite and necessary part of its pro- 
duetion, The designer makes a sketeh of the article, and 
the toolmaker makes the steel forms ard necessary tools for 
the stamring process, There are several other operations, 
such as bending, soldering, coloring, and finishing before 
the article is ready for use, 

The steel die is one of the greatest aids to the jewel- 
ry industry. It is by this means that the produeticn of 
large quantities of jewelry is made pessible in a compara- 
tively short time at a minimum cost, 

Pieces of jewelry are stamped as one piece or in several 
sections, and then assemble? py hand. The effects ob- 
tained in this manner are difficult to distinguish from 
the more expensive hand wrought jewelry. 

The hub is a perfeet model in steel of the cesign to 
be profueced. It is used to produce the die or negative form 
from which the article is stampec in gold, silver or other 
metals. After the hub is eut into the desired form, it is 


hardened and tempered, and, by means of a drop press it is 
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G@riven into a lurge piece of stecl ealleé the die. Some- 

times the hub is used in stamving, but often it is non- 

essential. The die or negative form may also be cut by hend,. 
In eutting a hub, 1/8" margin is ullowed all around 

the design for average work, but if the designs ar: to be 

deeply eut or if they have lserge flat surfaces +" margin 

should be allowed. The depth or thickness of a hub is 

about 1° for small work and 12" or 14" for large work, About 

3/3" marcin is allowed on small hand cut dies, while large 

or deeply eut dies have a margin from 4" to 14". 

The force is a positive form, fastened to the jack of 
the drop press, to help force the gold, silver or other 
metal into the die. This foree elosely resembles the hub 
but does not have such finish as a nub. 

Tne die is very eurefu'ly adjusted by toolsetters so 
that tne foree centers over the die, This recuires aceu- 
rate measurement. The metal to be used for stomping is eut 
into pieces lurger than the sunken portion of the Gie. The 
tiece is placed sauarely in the eenter of the die, tne 
hammer strikes the blow and stames the pattern. | 

Gold is the most malleable of all metals. It is also 
extremely duetile - one grain may be drawn into a wire 500 
feet long and it has been hammcred into leaves less than a 
millionth of an inen in thickness, Gold as well as silver 
is bought from banks or refiners and assayers, 

Gold better than 18-karat is seldom usea in the manu- 


facture of jewelry, and then only on special order work. 
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An 18-karst alloy used in fine work is made of 18 parts 
gold, 4 parts silver and 2 of eopper. This is a very rich 
yellow, 

A wery hard 14-xkserat alloy, suitable for bracelet 
snaps, pin tongue stems or stiffening pieces, is, fine gold, 
14 parts; silver, 5 parts; copper, 5 parts. 

A 10-karat green gold alloy is, fine gold, 10 senny- 
weights; silver, 11 pennyweights; coprer, 3 pennyweights, 

There are different kinds of gold finishes, suen as 
white gold, green gold, Roman gold, etc., and these are dee 
termined by the proportion of metals used in the alloy. 

In melting solid for wire, serap gold combined with new 
gold is usually used, the reason being that a harder and 
tougher wire is obtained, 

Many different metal gauges ure used for meusuring tne 
thickness of the stoex,. No standard exists, but the Browne 
and Sharpe wire gauge is known by all dealers in Ameriex, and 
therefore, it is important to give the name and number of the 
gauge in purchasing baser or preeious metals. 

Baser metals, sueh as eop er or brass, are sold in 
sheets, while precious metals may be purchased by the ounce 
or cut to speeifie size, The thickness is measured by the 
slot the metal or wire fits into. For example, 20 gauge 
stock is .051961 or .032 ineh, while 8 gauge stock is 
12849 or .129. Number 36 stock, the finest on most gauges, 
is .005 inch, 
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Be BALLOU 


COMPANY INC. 


JEWELRY 


Necklaces 
Gold Beud 
Silver Bead 
Crystal. Bead 
Comrositinn Bead 
hmamel 

Heck Chua'?n 

Lavalieres 

Linserie Clasps 

Lingerie Pins 

fie Clasps 

fie Pins 

Soft Collar Pins 

Safety Pins 

Sport Pins 

Cuff Pins 

Cuff? Links 

Belt Chain Clips 


Bill Clips 
Spans 
ITdéntifieation Tags 
" Breeelets 
% Anklets 
Charms 


Bobbie Pins 
Heir Ribbon Clasp 
Brooches 
Bracelets 
Buckles 
Eablem Pins 
= Buttons 
Bar Pins 
ingraved 
Enamel] ed 
Piereed 
With Stones 
Mourning Jewelry 


JEWELER'S FINDINGS 


Pin Stems 
Catches 
Joints 
Spring Rings 
Swivels 
Clasps 
Ball Tips 
Pendant Bails 

" Mountings 
Braeelet Loeks 
Gold Beads 
Silver Beads 
Rivet Wire 
Guard Chains 
Numerals 
Link Conneections 
Pendant Loops 
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Be As BALLU & COMPANY INC, 


HOW PURCHASED 


Platinum Pennyweight 

Pure Gold Troy Ounce 

Silver W * 

Rolled Gold Plate al * 

Gold & Silver Tubing " il 

Plate Wire 3 8 

Faney Wire " " 

Niekel Silver Pound (Avoirdupois) 
" Brittania 

Copper " 

Zine = 

Tin = 

Brass . 

Steel ad 

Acids Pound & Gallon 

Oil : Barrel (Billed by Gallon) 

Lead Pound 

Lacquer Gallon 

Soap Pound 

Ink Quart 

Files Dozen 

Drills . 

Maenine Parts Unit 

Serews (Wood & Machine) Gross 

Tuts & Bolts . 
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Stones 

Cynide of Potassium 

Oaxite 

Borax 

Solders 
Gold (different karats) 
Silver (Easy and Hard Running) 
Soft 

Elastie 

Ribbon 

Thread 

Silk Cord 

Foxtail Chain 

Needles 

Sawdust 

Waste 

Cards for Mounting 

Bill Heads 

Order Sheets 

aster Cards 

Trayes Créer Cards 

Reeord Cards 


Envelopes 


Troy Ounce 


Thousand 
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Inch 
Poot 


Yard 
SQUARE MEASURE 
Inch 
CUBIC MEASURE 
Inch 
LIQUID MEASULE 
Ounce 
Quart 
Gallon 
Barrel 
Grains 
Penny weight 
Ounce 
AVOLRDUPOIS WEIGH? 
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B, Ae BALLOU & COMPANY INC. 


In this concern, the writer has found, as is the 
ease in many Other jewelry firms, that the salesmen do 
not sell fren a catalogue but carry 2 sample line of 
goods. The customer as a rule desires to see the differ- 
ent guulities and finishes of the gold or other metals, 

This eould not be accomplished by the use of the ecata- 
logue alone. 

Beside the article on the sample ecard is the stock 
number, and different qualities of gold in which it may 
be obtained, The salesman in filling out the oder 
blenk states the stock number, the quality of gold de- 
sired and the quantity. Usually, manufacturing jewelers 
do not sell retail. 

Jeweler's findings, sueh as pin stems, swivels, catches, 
etc.e, are sold by the dozen or gross. When the bill is_ 
sent to the eustomer, the quantity, in units, and the weight, 
in pennyweicht, are both steted as the price is determined 


upon both these factors, 
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The distribution of tolerances in this coneern 
is from .9901 ineh in measuring platinum, gold, anc 
silver to 1/8 inch and 4° in measuring the lengths of 
bracelet links and neek chains. For example, in eutting 
off links for bracelet lengths and neck chains, the 
girl measures off the number of inenes desired by holding 
the links of chain against a yard stiek which is nailed 
to the bench. If the length is somewhat longer than the 
reguired number of inches, the difference is allowed, 

In drawing wire to a srecified thickness or geuge, 
however, much finer measurements are necessary and the 
toleranee is very small, 


The most frequent tolerance is about .003". 
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LINEAR MEASURE 


Inen 52 Items 
Foot . ™ 
Yerd 5 «TT 


SQUARE MEASURE 


Square Inch 5 * 
CUBIC MMASURE Number of Items 
requiring one unit 
Cubie Inch te of meusurement | 166 
LIQUID MEASULE 
Z 
Ounee Se Number of Items 
Quart a * requiring more than 
Gailon a one unit of measure- 
Barrel e = ment, 1.€., gross 
eioy wee and pennyweignt Te ee 
ye > 435 54 
fotsl number of Items 167 
Grain a 
Pennyweisht Se 
Ounee 16 7" Humber of Tables used 9 
AVOTRDUPOIS 
Ounce 5 lin billing jeweler's 
Pound ai 9 ft find in SS e 
Ton (net) i 7 7 
CIRCULAR 
Degree = = 
Cirele S 
PiMe 
Uinute 6 * 
eereen 
Unit P 
Dozen = Med 
cross eer Oe 
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The Universal Winding Comjany manufactures machines for 
winding fibrous material, for market or for use in mills, 
and also machines for winding eleetrical eoils. The slant 
eovers approximately 25 acres with nearly 10 acres of floor 
space in use, and the employees number over 1000. 

In 1893, a corporation under the name "Universal Winding 
Company" was orgsnized to develop the business begun by Mr, 
Joseph R. Leeson. At tue present time, nearly 59 styles of 
mechines, fully protected by patents, have been sold wherever 
textile machinery is used, There sre more than 160 differ- 
ent a’ taehments on these machines, thus meking it possible 
to wind anything windable, 

Although winding maehines have been used successfully in 
almost every branch of the textile and fabric industries, the 
eotton, wool, and silk industries are, in point of vo'ume, 
the most important. Winders are used at several points in 
each of these ee ee and, because of the difference in 
the material handled, more than one machine' and more than one 
tyre of equipment for each are necessary to meet the demands 
imposed. Each machine is econeerned with four main operations; 
(1) the svindie, which revolves the container upon which the 
fiver is wound, the power coming from outside the machine, 
(2) the truverse and gainer meehanisms whieh control the dis- 
tribution of yarn on the container, (3) the tensicn and prese 


sure attacnmentsa whieh condition the package as it is built up, 
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making it uniform throughout, and (4) the supply. 

Each machine is limited to certain tyves of work, so 
that each shall perform perfectly. In deeiding which machine 
end what type of equinment is needed for thet machine in pere 
forming a particuler kind or grade of work, four facts must 
be known; (1) the nature of the mterial, that is, size, 
strencth, hardiness, etc., (2) the form of paekage into which 
it may be wound, (3) the number of ends to be wound, and 
(4) the form of container whieh will be used as a supply. 

Phe No.59 winding macnine is typical of several other 
winding maehines manufactured by the Universal Winding Company, 
althoush the size and form of the parts may be different. A 
combination of this machine which is most familiar is the 
nutaper coner 9° 15" taper, fitted with 6" cam, and steel 
Pin-er tension and overnent supply. This is the standéard 
equipment for wind ing a supply for knitting maehines using 
eotton yarn. By ehanging the eone tube holder and cam for 
short traverse winding, the machine is made ready to wind 
cones for the eotton interweaving which is used to insulate 
ecoils, and also for winding cotton or silk splicer cones. 
These splicer cones form an auxiliary supply on the knitting 

macnine and are brought into play in knitting the heel ana 
: toe of stockings, where reinforeement is necessary’ 
The regular coner, o 7" taper, is also used to wind 
a@ supply for knitting machines, and us a standard form for 
shipping yarn from the commercial spinner to be used in 
eihee branches of the industry. The familier packege of 
store string is usually wound with this equipment. 
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The No.90 machine is of a somewhct dirferent type 
than the No.50, although it hus some points in ecmmon. It 
winds the shuttle supply for all kinds «und varieties of 
cotton, wool, silk, hemp, and otier pile fabrics, and requires 
an almost endless variety of equipment to meet all conditions. 
For example, there huve been spindles made to more than 
750 @ifferent specifications and sizes. Approximately 75 
attachments are available in connection with the machine. 
The filling for practically all of the woven silk in the 
United States and other countries is wound on this macnine, 

The No.7 macnine is a tube winder for winding heevy cords 
and ropes up to $" diameter and in packages making a maxi- 
mum length ana diameter of 16". Packages produced on this 
machine weigh from 30 to 60 pounds eaeh, depending upon the 
nature of the material. 

speeial machines are used in winding many forms of 
electrical eoils. No.98 is a heavily eonstructed machine for 
winding eoils up to 14 inehes in diameter with a maximum 
length of t2 inches in the spool-wind form. It is easily 
adjustable for various sizes of wire and is fittea with a ecunter 
for measuring the turns of the wire. 

§o.96 machine winds coils for electrical meters of all 
Geseriptions,telepnone and telegraph coils,transformers, 
ignition ecoils,and radio coils of various tjpes. All eoils 
not exeeeding 3-5/8 inches long and 6 inehes in diameter aré 
wound on this machine when the wire does not exeeed Yo. 18 
B & S gauge. These are the only self-supporting electrical 


eoils known to exist. 
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UNIVERSAL WIUDING CO. 


Textile Winding Machines 
Cotton 
Wool and worsted 
Silk 
Thread (For winding commercial paekages) 


Paekage dyeing (For winding packages to place 
in dyeing kiers) 


Carpet Warp 
Cordage and twine 


Ribbon and tape 


Eleetrieal Coil Winding Maenines 


Maehine Parts 
Nuts 
Bolts 
Serews 
Cap 
Machine 
Wood 
Drills & Files 
Oil 
Cutting 
Lubrieating 
Auto 
Fuel 


Rnery 
powdered 
Sheet 

Enery Wheels 

Pig Iron 


Steel 


Lumber (for erating machines ) 


Shooks 
Coke 
Bronze 
Lead 
Aluminum 
Metal Slitting Saws 


Cones 
Wood and Paper 


Peper 

Blue Print Material 
Metal stampings 
Forgings 

Poreelain Guides 

Machine Guards 


Leather Belting 
Ball Bearing 


100 
106 


100 

Gross 
Gross 
Dozen 


Gallon 
vt 


W 


Barrel (42 gullons) 


Pound 

Quire 

Unit 

fon (gross) 

Hundredweight 

Board Fect (7/8" domestig, 
1-1/8" foreign thickness) 
Unit 

fon (net) 

Found 

7 


" 


Unit (aceording to specifi- 
eation from 23" diameter to 
8" snd from 1/16" to 3/6" 
thiekness) 

1065 

Pound & sheet 

100 

Unit 

1000 

Unit 


Foot 
Unit 
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NIViER WINDING COMPANY, 


LINEAR iiaSURE 
Ineh 
Foot 
Yard 


Pound 


Degre 
Cirele 


Minute 


Gross 
Hundred 
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ae Purchasing 4 
b. Manufaeturing 957 
e. Selling 18 
ad. Office ee be hy} 
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Li MANUFACTURING 


NoeRanloyed Ist.Class cnd.Class ird.Class 
Assembling 48 1 47 
Beneh 55 2 54 
Boxing 18 1 17 
Bracket a 7 
Drafting 30 £5 15 
Drills 39 » 8 30 
Experimental 9 9 
Engine (Meintenance,ete.) 33 1 14 18 
Frame Machine 11 1 10 
Foundry 20 8 15 180 
Garage 10 1 9 
General 20 10 10 
Hardening 8 1 7 
Inspection Si 2 2 47 
Lathes 49 3 6 40 
Millers 32 2 5 2 
Movemen ae ; 1 1 
Millrights & Eleetricians 12 6 6 
Polishing 14 1 13 
Punch Press 23 2 21 
Restaurant 4 1 3 
Repair 9 2 7 
Roundmen 21 a 19 
Stores St 1 10 20 
S.eeial Mechine 25 15 10 
Shipping 18 1 17 
Sweepers 23 23 
Serew Machine 55 ye Bs oot 46 
Toolmen : 46 20 16 10 
Tool Crib 7 : | 
Winding 2 2 
Speed Lathes 20 1. 1.9 
Foint Standard i a Pees: & 
Total 957 lil 175 671 


Pereentage 12% 18% 10% 
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Distribution of Tolerances. 


Tolerances in the Universal Winding Company sre of 
different ranses in the different departments. 

In the lathe and automatic serew machine department, 
toleranees rane from plus or minus .001" to plus or minus 
005". The foreman and assistant foreman set the machines and 
are the only ones involved in the tolerance. As many as 
5 operations are performed on one maehine in this department, 

The range of tolerances in the milling department is 
from plus or minus .001" to plus or minus .010", but plus or 
minus .001" is the tolerance commonly allowed. Only two per- 
sons are involved, the foreman and assistant, as, after the 
machines are set up, the machine works automatically. 

In the tocol room, one half of the workers use and need 
to understand fine measurement. They work in parts of an 
inch almost entirely. These tolerances range from plus or 
minus .0001" to plus or minus 0002", with plus or minus .002” 
in common use. 

Those who are engaged in special work, that is, in 
making new parts for maechimes or new machinery are, for the 
most part, highly skilled and able to use and understand ine 
struments of fine meusurement. These men work with tolerances 
from plus or minus .0005” to plus or minus .015", with plus or 
minus .012" used commonly. 

In the inspeetion department, where each part is gauged 
for aceuracy, the persons employed, mest of whom sre girls, 
try each part in the go-and-not-go special gauge. The parts 
whieh do not "go", that is, those whieh fit the "not-go", 
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are disearded, and later returned to the different de- 
partments to be corrected. This muss inspection requires 
aceuracy and dexterity rather than a knowledge of measure- 
ment or a knowledge of tolerances, The foreman or head 
inspeetor and his assistant are practically the only per- 
sons who are involved in the understanding of these toler- 
ances. 

In the foundry where the large parts of the machines 
are cast, a larger tolerance is naturally allowed aseording 
to eommercial or standard tolerances, Im general, plus or 
minus 1/32" is allowed up to 10", and plus or minus 1/16" 
on pieces larger than 10". 

The entire distribution of tolerances in this indus- 
try is from plus or minus .0001" to plus 1/16" with an ap- 
proximate median of plus or minus .003" on smsll pieces or 


parts and plus or minus .019" on larger pieces. 
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LINEAR MEASUEE 
Inch 
Foot 
Yard 

SQUARE MEASURE 


Square inch 
Square foot 


CUBIC MEASURZ 


Cubie ineh 
Cubie foot 


LIQUID MEASURE 


Quart 
Gallon 


AVOTRDUPOIS 


GCunce 
Pound 


Hundredweight 


Ton (net) 
fon (gross) 


CIRCULAR MEASURE 


Degree 
Cirele 


UNIT MEASURE 


Unit 
Dozen 
Gross 
Hundred 


LUMBER MHA SURE 


Board feet 
TOTAL 


154 Items (Parts and attachments of machines) 


8 
26 


30 


eH rn 


" 
" 


Number of Items 
requiring one unit 
of measurement 1120 


1 
Number of Items 


requiring two units 
of meusurement 


Foot & Ineh . 162 
Degree & Inch - 14 
Yard & Minute 48 
Total number of Items 1344 
Number of Tables used 10 


3 3 . 
Ft.& In.- Larger parts of mach- 
ines, such as bases, troughs, 
shelves, ete. 


Degree & in. - Shape and size of 
eones used in mMuchines 


Yd. & Min.- Speed of machine in 
winding, i.e., 150 to 500 yds. 
per minute. 


ut i J Uh 
; ber buy, 
ehh 
- ai 
7 ; 
tT?) bis eg 
-« ay Ls 
id —wS 6 FF : 
« a) 
—S- Mn ¢ tab ee) a 
‘ 
b 
[ <= =e a ; "4 ae nH" ? 
6 
Fs - P< 
I ae Sop Puat : tavern 
- ¢ 
Stine = . f arf ° - : 
Lt! “ae e YS id ~, fir - owt , 


< aims) \ is <2 a | + tl 
ak 


f 4 
¥e a Bu i 5 , 


Bm origess Bo Sense 
sabe Che bY Gel ..s 


bus , oer 
ha, Opel: 


Wage R= Pod sag5et 
PV Syihre ae 


~ fae & eity 


. £ ee ME Fite i 
oI tar 7 


— i oe 


ner 4 
~ 


tis mek oi , 
tout ofd. 


= 


ee 
i 


= 'Qq 
a= —? 


SQUARE MSASURE 


Square Inch 
Sevare Foot 


CUBIC MBASURE 


Cubie Inch 
Cubie Foot 


Barrel 


TROY WEIGHT 


Grain 
Pennyweight 
Ounce 

Pound. . 


AVOIRDUPOL 


Ounce 
Pound 


Hund redweight 


Ton (net) 
fon (gross) 


Degree 
Cirele 


Second 
Minute 
Hour 
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Unit 7 *3 5 9 30 54 

Dozen 10 1 3 5 2 21 

Gross 4 4 7 2 29 

Hundred 1 7 8 
PAPER 

She et 2 2 

Ream z 1 2 

Board Foot 2 2 4 
ELECTRIC MEASURE 

Ampere 1 See ee 
TOTS 2116 


Number of Items 
requiring more 
than one unit of 


measurement ll 1 _423. bide 22g 2° 660 


72 135 1671344 © 2776 


It seemed unnecessary to list in detail the 2776 items 
in ihane five industries. In order to illustrate what some 
of these ere, a few of the most frequently used units of 
measurement, and a representative list of each, sre given on 


_the following page. 
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ANCH 
Height of silver dish Thiekness of steel die 
Diameter of " Length of pins 
Length of bread as " ehains 
leicht of goblets Diameter of beads 
Height of candlesticks Length of lingerie pins 
Length of baby spoon " " bar pins 
: fork Diameter of gold wire 
" " gravy boat " " spring rings 
" " teaspoon Width of bracelets 
= " spoon handle Length of pin stems 
" " bowl of spoon " bobbin 
Width of spoon handle Height of cone 
Me 44 bowl of spoon Length of tension 
Height of coffee pot Width of tension 
“ greamer Length of traverse and 
Width of eloth gainer mechanisms 
Size of pattern on roller Length of pressure 
Spacing of pattern on roller attachments 
Diameter of pipe, elbows, tees Diameter of dises 
and erosses, reducers, couplings, Length of guides 
bushings, plugs, unions, and flanges. Width of belis 
Tnickness of pipe,ete. Length of cop holder 
Length of rods Diameter of eoils 
Length of serews Size of packages 
PCUND 
German silver Paper 
Bronze Tape 
Brass Cloth 
. Pumice Brittania 
Acids Steel 
Albumen Soap 
Glauber Soft solder 
Caustie soda Asbestos 
Soda ash Graphite 
Starches Rubber moulded goods 
Oils Powdered emery 
FOO? 
Length of pieces of Length of foxtail chain 
sheet metal brass strips 
Length of strips of w " machine 
German silver " " though 
Length of bronze tablets « « belting 
Height of bank grilles * " gteel rods 
Length of bronze easkets " '" gupply holder 
Height of large statues = " ereel 
Length of pipe . Height of machine stands — 


Depth of tank | Diameter of revolving drwm 
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YARD 
Length of velvet Anount on yarn cone, knitting 
fringe cone, warping cone, emulsion 
" " ¢loth eone, cotton bobbin, worsted 
" " gray cloth loom bobbin, filling cone, 
" " tape splicer bobbin, and braider 
" " threed cop 
* " elastie Amount on Frenklin package, 
ig " ribbon twine package, heavy cord pack- 
- * g11k eord age, and rope package 
UNIT 

Flatware pieces Himidifiers 

Hollow ware Atomizers 

Statues Dampeners 

Doors Machine parts 

Grilies Gold bead neeklaces 


Eeelesiastiecal pieces 
Copver rollers 

Doetor blades 
Thermometers 
Thermoliers 


CUBIC INCH 


Sheet metal 
Bronze busts 


statuary 
" tablets 
se caskets 
= gates 
52 docrs 
Wall erosses 
Cornices 


Capacity of kiers 


Weight of spoon 

Oil, lacquer, aeid, 

soap and pumice 

German silver, bronze, 
brass, eopper, zine, and 
eadmium 


MINUTE 


Eleetro-pluting flatware 


hollow ware 


Gilding 
Melting metals 
Dyeing 
Printing 
Mercerizing 
Bleaching 


Lavaliers 

Imery wheels 

Metal slitting saws 
Machine gusrés 
Machines 


Capadity of extinguisher 
" foam tanks 

Cast iron flanges and 

fittings 

Steel die 

Eleetro-plating 

Cest iron parts 

Oil reservoir 

Emulsion trough 

Wooden eases 


Dyes, mordanis 
Albumen, aloone, 
Glauber, glycerine 
Seda and eholorine 
Cyanide of potassium 
Soft solder 


Singeing 

Drying 

Regulating atomizers, 
humidifiers, humidity 
controls, and seetional 
heads. 

Melting gold, silver and 
alloys 


Winding bobbins and coils 
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Coffee pot - height (in. ) eapacity (pt. ) 


Creamer 

Water pitcher ” 4M id " 
Syrup jar ' x . ” 
Beverage mixer " is - " 


Bronze Statuary - height (ft.) diameter (in.) 

Cloth - length (yd.) width (in.) 

Pipe " (ft.) diameter (in.) 

Fire hydrants - depth (ft.) diameter (in.) 

Saddle stands - height (ft.) pipe size (in.) 

Pire pole supports - length (ft.) diameter (in.) 
Indicator posts = length (ft.) diameter (in.) 

Cast iron pipe - diameter (in.) pressure (1b.) 

Elbows - ciameter (in.) ungle (degree) 

Hose raek - eapacity (ft.) valve size (in.} 

Sight drip - diameter (in.) pressure (1b.) 

Sight test connection ~ diameter (in.) pressure (ib.) 
Cheek valves - diameter (in. } pressure (1b.) 

fngle vslves - bi ™ . 

Ga L e yal ves a WT tt uv ? 

Stop and eneck valves - diameter (in. ) pressure (1d. ) 
Bronze coeks “d 


iy on tt bid bd t bid 
Dise brass valves " " " " 
Valve dises 7 , . . 
Union bonnet valves bs bi 

Blow-off brass valves = " " " 
Meter boxes 4 " weight “ 
Safety valves * " pressure " 
Reducing " n si " 


Flange fittings - diameter Cin.) pressure (1b. ) angle (degree ) 
Reducing laterals 


bronze steam fittings S. -& " t 7 " 
Street elbows & tees " T T " ts tt 
Coupli ings " " tt " tT t 
Serewed fittings 69 " 1" m " it 
Metal pine (threaded) . " lengta (ft.) weight (1b.) 
Copper tubing " a tt " tr 1 

? sad + J " t? 


Spigot pipe si 
Gaskets - tnickness (in.) weight per sq.yd. (1bd.) 
Foot valves - diameter (in.) valve area (sq.in.) weight (1b.) 
AeP. safety valve - " " grate " (eq.ft.) pressure (1b. ) 
Water lifters - diameter (in.) pressure (1b.) 
capacity (gal.) (eu. ft.) 

Vaehine parts and attachments - length (ft.) width and 

diameter (in.) 
Nutaper eoner - length (in.) taper. (decree) 
Speed of machine in winding - amount (yd.) ver minute 
Jeweler's findings - quantity (gross) weight (pennyweight) 


It is apparent from this list thut wherever two or 


more measurements are used in description they are inde- 
pendant of each other, 
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Gorham Manufacturing Co. 770 
Ue S. Finishing Co. 431] 
Grinnell Co. Ine. 365 
‘B. A. Ballou & Co. Inc. 132 
Universal Winding Co. _957 
noma 2661 
Pevoentase 


ANALYSIS OF NUMBER IN INDUSTRIES STUDIED 


ON TO . UNI?S OF MEASUREMENT 


 NosBmvloyed Ist.Class 2nd.Class 3rd. Class 


83 64 623 
37 29 371 
35 44 286 
21 13 98 


peers Sinton axcom isd a laa “- 


gazube sel AO Ssy. 


~o9= | 


SUMMARY 


Linear Measure 1484 
Square Measure 52 
Cubie Measure a 
Liquid Measure 45 
froy Weight 41 
Avoirdupois Weisht 190 
Circular Measure 43 
Unit Measure 190 
Time 68 
Paper Measure 4 
Lumber Measure 4 
Electric Measure pi 

2116 


Number of Items requiring 


more than one unit of 


mez surenent ___ 669 


GRaND TOTAL 2776 
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Gorham Menufueturing Company 448 
U. S. Finisning Company 72 
Grinnell Compeny Inc. 735 
B. Ae Ballou & Company Ine. 1619 
Universal Winding Company 44 
GRAND TOTAL 2766 


Gorham Manufacturing Company lz 
U. S. Finishing Company 7 
Grinnell Comvany Ine, o 
B. Ae Ballou & Company Ine. 9 
Universal Winding Company 16 
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TOTAL NUMBER OF UNITS OF 


73 


Less the units in tables not used 
Apothecaries' Fluid Measure 5 
" Weight 5 
Dry Measure 4 
Money Measure (U.S.) 6 
Freneh Money 4 
Ingliish Money 


fotal mumber of units in 
(12 tables used in stuéy 65 


Less Units in these tables 
not involved in study 
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In summarizing the Gata obtained in studying these 
five industries the following conclusions may be stated; 
1. O£ the 18 different tables of weights and measures 
listed, only 12 were required in the five industries 
studied. 
2. Of the 93 possible unit:, the study has shown that 
only 33 umits were used in these industries. 
se 3, Over 3/4 of the persons emplayed in manufacturing 
— these industries did not need to use or understend any 
units of messurement. In other words, 114 sre expert in 
fine measvrement, 12% use the common tables of easurement 
and read simple blue-prints, while 77% ere eng saget in tasks 
which do not require the aetual use cf any measurement. 
ae 4. Therefore, only 23% of these persons oupiayed are 
using the 33 units of the 93 units ineluded in the 19 tables. 
. In using these units, the seeuraey of the measure- i 


ent is as tmportant as the knowledge of the measurement 


satiety Only one unit of the table is necessary as 


| Those who are working on small pieces using the 


parts of an ineh, seldom have oecasion to use the: 
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eity are used with greater frequeney in purehasing, 
while smaller units are used constantly in tne processes 
of manufacture, 

8. In the five industries stuédied, the inch was the 
most eomuon unit of measurement, the pound (avoir.) rank- 
ing second in frequency. 

6 A knowledge of standard tolerances allowed, in 
general, involves only the expert, usually the foreman and 
men employed in the engineering department, Others may be 
using a gauge which measures toleranee but they do not need 
to understand the actual measurements involved. 

10, Amy eommodity is measured in a preferred unit, fixed 
by trade practice, This is equally true of a measurement 
used in the process ef manufaeturing, In otner words, a 
person using a measurement uses it on a eommodity and the 
fundemental point or basic fact is first, an understanding 
of that eommodity. Handling the commodity with intelli- 
genee, therefore, comes first and knowledge of tne unit of 
measurement follows. 

ll. Where the thousandth of an inch is the measurement 
constantly used, the thousandth of an ineh is the unit. To 


‘be more specific, whatever degree of aceurecy is commonly 
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As a result of this study, the following suggestions 
might be made: 

1. It is not profitable for children in the elementary 
grades to spend time on committing to memory tables of 
weights and measures. 

2. When the pupil understands the commodity, it is not 
difficult for him to apply the preferred unit of measure- 
ment to that commodity. 

3. The teaching of addition, subtraction, multiplication, 
and division of compound denominate numbers has little 
value, . 

4. Reduction ascending and reduction descending has no 
value in industry with perhaps the exception of the estimat- 
ing department. It is, however, included in some text books 
but there is little justification for continuing it as a 


school exercise, 
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